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Abstract 
Current-voltage characteristics of Bi-2212 intrinsic Josephosn junctions, unfortunately, are greatly affected by joule 
heating, due to the very low thermal conductivity of the Bi-2212 material. To reduce this effect, we used pulse 
current measurement technique. The current pulses were supplied from a home-built pulse generator with the pulse 
width of 250 nsec and the duty ratio of 2.5×10-5. The pulse shapes of the input current and the junction voltage were 
monitored with an analog storage oscilloscope. The junction voltage was determined at the 200 ns from a triggered 
point. At 77 K, it was found that a quasiparticle curve in the subgap region could be approximated by a linear 
resistance. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Horst Rogalla and 
Peter Kes. 
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1. Introduction  
The layered Bi2Sr2CaCu2Ox (Bi-2212) single crystal represents natural stacks of atomic scale intrinsic 
Josephson junctions (IJJs). However, the current-voltage (I-V) curves of Bi-2212 IJJs are significantly 
affected by joule heating (the “self-heating (SH) effect”), due to the very low thermal conductivity of Bi-
2212. Therefore, the reduction of joule heating is important for the quantitative analysis of dc-Josephson 
characteristics. Suzuki et al. and Fenton et al. reported the use of a pulse current measurement technique 
to reduce the SH effect. The detailed characterization of a quasiparticle curve Iqp without negative 
resistance due to the SH effect was studied by Suzuki et al. [1]. However, the I-V characteristics in a 
multibranch structure regime obtained by the pulse current method have not been well-studied, despite the 
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observation of the Josephson behavior of Bi-2212 intrinsic junctions only in the low-voltage region. In 
this paper we report the I-V characteristics of the multibranch regime at 77 K measured using the pulse 
current method. 
2. Experiment 
A Bi-2212 single crystal with Tc=88-90 K, fabricated by the self-flux method, was employed as the IJJ 
stack material. The stack structure fabricated on the crystal surface frequently exhibit irregular IJJ 
characteristics, in which Josephson critical currents (Ic) are frequently inhomogeneous [2]; therefore, the 
IJJs stack were formed inside the Bi-2212 crystal by a double-side patterning (DSP) process using a dilute 
acid solution of pH=1.65. The detailed fabrication process for the stacks has been described elsewhere [3].  
The current pulses were supplied from an in-house-built pulse generator consisting of a waveform 
generator (Exar Corporation, XR-8038ACP) and retriggerable monostable multivibrator (Renesas 
Electronics, HD74LS122P). The width of the current pulse was 250 ns and the duty ratio was 2.5×10-5. 
The pulse shapes of the input current and junction voltage were monitored with an analog storage 
oscilloscope (Iwatsu, TS-80600) or an 8-Bit 2 GS/s digitizer (National Instruments, PXI-5152). The 
circuit for the pulse measurement is represented in Fig. 1a. Typical pulse responses measured using the 
analog storage oscilloscope are shown in Fig. 1b. The V1 voltage input to CH1 across the 10 Ω series 
resistor is used to monitor the current into the IJJ stack. The V2 voltage input to CH2 corresponds to the 
voltage across a resistor with 10, 100, and 1000 Ω. An overshoot in the voltage pulse shape was observed 
when the 1000 Ω resistor was employed. In addition, changes in the initial rise time were caused by the 
difference of the resistance values. In consideration of these results, the injection current and junction 
voltage were determined 200 ns from the triggered point. To confirm the validity of the measurement 
condition, the I-V curves for the 10, 100, and 1000 Ω resistors were measured using the short pulse 
current method at 200 ns. 
3. Results and discussions 
Figure 2 shows typical I-V characteristics of the IJJ stacks measured at 77 K; the large hysteretic 
structure can be explained by a series connection of capacitive Josephson junctions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Schematic illustration of diagram of the circuit for short-pulse measurement (a) and pulse responses (b). 
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The notable feature in the I-V curves is that the critical current (Ic) of each junction in the stack 
decreases monotonically with increasing bias voltage. Suppression of Ic indicated the existence of a 
strong SH effect due to the very low thermal conductivity of Bi-2212 [4]. The temperature rise (ΔT) due 
to SH can be estimated from (Ic0-Icl)/Ic0, under the assumption that the temperature dependence of Ic obeys 
the Ambegaokar-Baratoff theory [5]. For example, Icl is 40% of Ic0 for the ss103-1 sample; therefore, ΔT 
was estimated to be 6 K. Figure 3 shows the I-V characteristics using the short pulse current method at 
200 ns for the stack shown in Fig. 2. A pulse current with a rectangular shape was not applicable for 
measurement of the return current (Ir), defined by the switch back current to zero voltage state; therefore, 
quasiparticle currents (Iqp) were measured instead of Ir. The Iqp curves were obtained by suppression of 
the Josephson current in the low voltage region using a magnetic field of 0.2 T in the c-axis direction. The 
critical currents from the zero voltage current (Ic0) to the last resistive branch (Icl) were almost identical, 
which indicates that the SH effect is sufficiently suppressed using the pulse current system. The results 
also indicate that the stack has no surface degradation, as is typically observed in surface stack IJJs [2]. 
Figure 4 shows an I-V curve for an array of 109 junctions in the sample 103-1 stack. The number of 
junctions is determined from the number of quasiparticle branches evident from the I-V dependence. Each 
of the branches was individually traced in multiple runs with a bias current sweep. Figure 4 shows that the 
voltage jump VJ1, from zero to the first branch is 3.6 mV. The predicted sum voltage jump VJsum, without 
the SH effect was 392.4 mV, where VJsum was approximately estimated using VJ1×N (junction numbers); 
VJsum=3.6 mV × 109 junctions. The estimated VJsum corresponds closely with the VJsum of 365 mV obtained 
using the pulse current method. The result of the VJ measurement indicates that the SH effect decreases 
using the pulse current method, and is consistent with that of the uniform critical current shown in Fig. 3. 
The quasiparticle resistance of tunnel junctions has strong nonlinear voltage dependence, so that a 
precise comparison of the experimental I-V curves of the tunnel junctions and the theoretical data using 
the resistively and capacitively shunted junction (RCSJ) model is difficult. If the RCSJ model is used for 
analysis of the Bi-2212 IJJ stacks, then attention must be given to the linearity of the quasiparticle 
resistance. Figure 5 shows I-V curves for the ss88-1, ss88-2 and ss100-1 samples measured using the 
pulse current method. All stacks exhibit uniform critical currents and quasiparticle resistance that 
approximately scales as linear. These experimental results suggest that the RCSJ model can be used to 
analyze the I-V characteristics of the Bi-2212 IJJ stack at 77 K. The estimated RJsg values normalized 
using the junction area were from 190 to 650 Ω μm2 per junction for the four stacks. We consider that 
spread of RJsg may be associated with the difference in the barrier strength in the Bi-2212 IJJs stack. This 
interpretation could explain the decrease of the critical current density of the IJJs stacks with increasing 
RJsg. In addition, it was observed that the VJsum tended to increase with increasing RJsg. These details will 
be presented in next paper. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. I–V characteristics at 77 K. Fig. 3.  I–V characteristics by pulse and triangular wave  
current at 77 K for the stack shown in Fig. 1 
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4. Conclusion 
A pulse generator was developed for the measurement of Bi-2212 IJJ stacks at 200 ns from the start of 
the current pulse. The constructed measurement system circumvents the SH effect in the I-V 
characteristics, and thereby enables estimation of the intrinsic properties of Bi-2212 IJJ stacks. In addition, 
the quasiparticle curve measured using the pulse current indicated that the subgap resistance at 77 K is 
well approximated by a linear equation, which means that the RCSJ model is useful for analysis of the I-V 
characteristics of Bi-2212 IJJ stacks.  
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Fig. 4. I-V characteristic at 77 K. Storage of each branch is traced one-by-one switching of IJJ’s in the resistive state 
Fig. 5. I–V characteristics by pulse and triangular wave current at 77 K for the sample ss88-1, ss88-2 and ss100-1 
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